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(57)Abstract: 

PURPOSE: To produce a friction material having a high burst strength and stable friction characteristics even at a high temp, under 
a high load. 

CONSTITUTION: A friction material is produced by coating or impregnating a fibrous substrate sheet with a mixture comprising a 
binder and a friction- controlling agent, drying the sheet and then winding it up into the form of a ring or winding it up in the same 
way before drying to give a premolded article having an apparent density of at least a half of the true density of the dried sheet, 
and molding and thermally treating the article. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the friction material manufactured by the 
manufacturing method and this manufacturing method of the friction material used for power 
transfer of an automobile, braking, etc. 
[0002] 

[Description of the Prior Art] Generally as friction material used for an automobile, brake lining, 
a disk pad. and clutch facing occur. Although these were using asbestos (asbestos) as a base 
material conventionally, development of non-asbestos system friction material is desired from 
the problem of an asbestos public nuisance. Moreover, improvement in the friction property 
(coefficient of friction, wear rate) of friction material and a mechanical characteristic is desired 
with the improvement in the engine performance of an automobile engine. Furthermore, a 
service condition becomes cruel and the high-speed drum strength at the time of an elevated 
temperature is also required increasingly recently. The friction material which used a glass fiber, 
a carbon fiber, aromatic polyamide fiber, rock wool, ceramic fiber, various kinds of steel fibers, 
etc. is developed as an alternate material of current and an asbestos base material, and it is 
used partly. However, these base materials are hard at high elasticity compared with 
conventional asbestos, since thermal resistance is low. when it is made friction material, there 
are various problems, and the above-mentioned engine performance demanded is not satisfied 
[0003] 

[Problem(s) to be Solved by the Invention] An asbestos alternate material is used, and although 
there are things (for example. JP.56-131846.A, a No. 1 13038 [ 59 to ] official report, a No. 
145302 [ 60 to ] official report, etc.) which carried out high temperature processing of the 
friction material itself beforehand as friction material which bears a heavy load at an elevated 
temperature, this is accompanied by the fall of cost quantity or mechanical strength. Although 
there are also things (for example, JP,60-96625,A, a No. 92332 [ 60 to ] official report, a No. 
190232 [ 62 to ] official report, etc.) which added the special friction regulator, since thermal 
resistance and adhesive properties are insufficient, with the conventional binder, the 
effectiveness cannot be demonstrated enough. Moreover, although what added a heat-resistant 
high aramid fiber and polyimide resin powder to the base material is indicated, the thermal 
resistance of the binder holding a base material and a friction regulator is not enough, and high 
temperature strength is not obtained. Even if it is going to obtain friction material as a binder 
using heat resistant resin, by the conventional manufacture approach, it will be technically [ 
industrially and ] difficult. 

[0004] Furthermore, in order to improve a friction property, there is also friction material 
manufactured by the mold fabricating method which can have a degree of freedom in a friction 
regulator addition, but in order to use a staple fiber as a fibrous material, a difficulty is in 
mechanical strength and commercial production is restricted very much to the part. When 
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. • continuous glass fiber is used by this approach, it is difficult to make a mold-goods consistency 
into homogeneity, and the fall of mechanical strength is remarkable by this dispersion. From the 
above thing, in order to raise a friction property and mechanical strength, generally it divided 
into the friction member and the member on the strength, and for maintenance on the strength 
the technique of sticking a thin steel plate or a thin aluminum plate etc. on the rear face of the' 
present clutch facing is adopted (JP.2-163529.A. JP.62-266239.A. JP.61-41022 A or 
JP.1-141242.A). In addition, although there are some which added the' improvement to a coating 

S , D r «o S ,^ro m o e . Pattern 3nd yarn ' in industriali za*°n. it is technically difficult (an example, 
JP.62-1 41 328.A. JP.62-21 51 34.A, or JP.62-266237 A) 

[0005] JP.55-86820.A. JP.63-56534.A. JP.63-140133.A. and JP.63-251432.A are in this 

T?T a I. C,OSe J y ,L e « e o d Pat6nt application - The «"nular object of the friction regulator with 
wh.ch the thing of JP.55-86820.A is contained in a binder since the glass fiber of a base 
material is a filament, and 1000 g/m2 and thickness of eyes are as thick as 2-3mm and the eye 
is checkmated does not permeate even the interior of a base material, but coefficient of friction 
tends to become unstable. Moreover, if comparatively a lot of friction regulators are added the 
layer of a base material and a friction regulator is made, and since the reinforcement between 
the layer falls, burst reinforcement will also fall. Although the thing of JP.63-56534 A has a glass 
fiber as long as 2-20mm and eyes are [ the 100 g/m2 neighborhood ] also good, since the 
filament is used, the eye of a nonwoven fabric is got blocked, and mixture containing a granular 
object cannot sink even into the interior of a base material easily. If it sinks in compulsorily the 
fiber arranged at random will turn to the flow direction of resin, isotropy will be missing, and a 
strong fall and strong curvature will be produced. In JP.63-140133.A. a chopped strand is used 
and the friction material for brakes is manufactured with mold shaping. However, clutch facing 
manufactured with mold shaping has low burst reinforcement, and it cannot apply it to a high 
power vehicle. Since the granular object of the friction regulator which base material fiber is a 
nonwoven fabric and is contained in a binder does not permeate even the interior of a base 
material, the thing of JP.63-251432.A serves as uneven structure, and the improvement in burst 
reinforcement and an improvement of curvature cannot be desired. 

[0006] This invention solves the above-mentioned problem and aims at offering the friction 
material manufactured by the manufacturing method and this manufacturing method of the 
friction material which has high burst reinforcement and the stable friction property also under 
the conditions of an elevated-temperature heavy load 
[0007] 

[Means for Solving the Problem] In the approach of manufacturing the friction material which 
this invention becomes from the base material, friction regulator, and binder of fibrous material 
It dries, after drying the fiber base material of this shape after spreading or sinking in and of a 
sheet to a sheet-like fiber base material, and winding up annularly the admixture which mixed 
the fr.ct.on regulator and the binder to it or winding up to annular. The preforming article which 
has the apparent density of 0.5 times or more of the true density of a sheet-like fiber base 
material (desiccation article) is obtained, and it is related with the friction material manufactured 
by the manufacturing method and this manufacturing method of friction material which 
subsequently fabricate and heat-treat this. 

[0008] Although it is organic fiber, such as metal wires, such as inorganic fibers, such as a glass 
fiber, a carbon fiber, rock wool, and ceramic fiber, and a low carbon steel wire, phenol resin fiber 
and aromatic polyamide resin fiber, etc. as the quality of the material of the base material of 
fibrous material in this invention and there is especially no limit, the easy thing of processing 
and since .t is cheap, a glass fiber is desirable. As a gestalt of a sheet-like fiber base material 
although there are a paper-milling sheet besides non-woven fabrics, such as a mat and felt 
throwing yarn, textile fabrics, etc., the homogeneity of the structure which the impregnating 
ability of a binder, the binder, and the friction regulator distributed, a price, etc. to a mat is 
desirable. Moreover, a staple fiber, a metal wire. etc. may be added, for example to the mat of a 
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glass fiber. Moreover, although there is no limit in the thickness of the sheet used here the 
nnncS .2 tW ° 0r m ° re $heetS ' S Carried out - and reinforcement is raised. 
S lt7 S, VZ* ^l^™ ° f 3 non - woven fabri °. the mat is obtained from a chopped 

20 Tourl 7> r 3ggregate ° f 5 °" 200 fi ' amentS ' and the die ^ a strand is 

20 1 100mm, and ,t .s [ re.nforcement and bulk density of eyes are / the thing of 150 - 800 g/m2 

t! T " Umf0rm ' and / the friction Dropert y of a str and is good and ] desirable [ 

_f S £fln ] ' p St,l, Z re K nn eS r b,e if tHe nUmber ° f fi,aments is set to 80-150. strand die length 
of 25-80mm Eyes 300-500g/m2. The polyvinyl alcohol which does not dissolve the union agent 
of the strand wh.ch constitutes a fiberglass mat in the usual organic solvent is used preferably 

mat. and ,f ,t .s 3 - 10%, it is st.ll more des.rable. [ 1 - 15% of ] If there is little coating weight 

hi MoT 6 Pr °,T y ° f 3 and d,menSl0n h6ight Which form a ^^ass ™t cannot be 

held. Moreover. ,f there ,s much coating weight, a fiberglass mat will make it upright and will 

^^^rt 1 S ^ am ° Unt ° f 3 fib6rg,aSS ^ * '^esirab.e^> make . 
thl l f £u • We ' ght m fr,Ct ' 0n material - If there are few amounts of a glass fiber. 

^ bTL fr n °. rgan,C POWder .° f 3 friCtl ° n regU ' at0r Wi " increase re,ative| y. and ^ will be 
hard to balance a friction property. On the other hand, if there are many amounts of a glass 

fiber, the amount of a friction regulator will decrease and control of a friction property will 
become drfficult A more desirable value is 30 - 50 % of the weight 

h° a r__L A d ^T" r gUlat v iS d6Sirable ° rder the ^ obtaining a melamine resin 

nrln!^, ^ 8 ^"l (Sb 2 ° 3X 8nd C ° Pper powder ma V hold a good friction 
property. As a melam.ne res.n hardened material, although each hardened materials of 

Tf -l T me,amme resin ' benzoguanamine resin, and methyl guanamine resin, these 
ethenfication melam.ne resin hardened materials, etc. are used, it is the hardened material of 

^ ne r6Sm P ; eferab ' y ' and US6S bV maWng * powder - Hardening conditions and 

Zl L H fv 81 " f,' Z ! d °, n0t h3Ve 3 ' imit AS f ° r the amount ° f famine resin hardened 

*«ZLZt ; 13 ° a mine dUStX " iS deSlrab,e t0 make * conte in five to 30% of the 
we.ght ,n the fnct.on matenal obtained. Coefficient of friction stabilized when there were few 

Zeler?°n 0 f ! a h ,ned ' * ^ beC ° me ^ * are to <> many amounts. 

Moreover, even if there are too many amounts and it is too few. it is hard to balance coefficient 
of fr.ct.on and the rate of antifriction. It is 5 - 25 % of the weight more preferably. It is desirable 
for an antimony tr.ox.de to also have the same operation as melamine dust, and to make it 

nTeffe"! *° ^ ^ Mcti0n materlaL Whe " thera " faw contenTs there is 
no effectiveness of stab.l.zmg coefficient of friction, if many [ too ]. effectiveness will not 

-mprove but a constancy will be enlarged. Copper powder is effective in preventing the 
stali ! ft^ emPerat r e / a . de °„ a i binder " copper powder ~ a configuration - the shape of a 
^Tf^Ti u° 8 '. 3 tHe P ° int Which tends to be dis tr'buted by homogeneity although 
1 s t" J y granU ' ar and in s^Pe of a staple fiber and there is especially no limit - 

the shape of a foi - or - be.ng granular (electrolytic copper powder being included) - it is 

tZt 6 J fT^ V gr !' n SiZ ! iS POt restrict ed. The amount of copper powder has 1 - 40 
tlZT ♦ W8 ^u 1 SO ' id C ° ntent ° f 8 binden If there few amounts of copper 
It r t T 2 e x f ! de phenomenon in an elevated temperature will become difficult, if 

J * °nl J*? ° f friCti ° n W '" be Ir8<,t,y Unstable and a wea r rate will also become 
high. It is 5 - 30 % of the weight more preferably. 

SHU 3 TH /- P ° Wder ° f ^ ° rgan, ' C substan ce. such as powder of the powder of metals, such as 
powder of inorganic substances, such as a calcium carbonate with a friction regulator 
well-known ,n add.tion to this, a magnesium carbonate, a barium sulfate, clay, talc, a graphite an 
luZT T 03 ' ? U u°_ ,te ' 3 ZirC ° nia ' hematit6 ' ma enetite. a silica, an antimony sulfide, an iron ' 
hf£n h a m °'y bdenum sulfide . iron, and lead, cashew dust, rubber dust, and various resin 
naraened materials, etc, is used. 

/ [0012] as tor a binder, phenol resin is used preferably] The reason is that it can make 
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temperature dependence of a fr.ct.on property smaller than the case where other thermosetting 
resin is used by excelling ,n thermal resistance and an adhesive property, and combining with 
the melamme dust of a .friction regulator, an antimony trioxide. copper powder, etc. in a cheap 
top. In phenol res.n. .t has not denaturalized and the thing of a resol mold is more desirable 
Moreover, thermosetting resin or cross-linking rubber, such as melamine resin, a urea-resin 
po yam.do.m.de res,n polyimide resin, and an epoxy resin, may be used for extent which does 
not mfluence thermal res.stance with phenol resin. As for the amount of a binder, it is desirable 
to make ,t conta.n ten to 50* of the weight as solid content in the friction materia, obtained I 
there are few amounts of a binder, the bonding strength of the base material of fibrous material 
and a fr.ct.on regu ator wi.l become weak. If many [ too ]. adjustment of coefficient of fr'tion 
and a wear rate will become difficult. 

wNlhldlHtl ain j ng / riCti0n T aterial ' * iS baS6d ° n the f0 " 0wing -PP^ches. The admixture 
wh.ch added the fr.ct.on regulator to the solution of thermosetting resin first, and was mixed is 
apphed or sunk ,nto the fiber base materia, of the shape of a sheet like a fiberglass mat [ 

ooaTnJlttT ' S 7? t0 adhere t0 3 fib6r 6386 materia ' at h °-^eneity. it considers as a 
a the P° St " deS,CCat, ° n Which wound UP this coating sheet annu larly removes a 

fr^ wh,ch th? s r hlT' n H g T ,S ° btained ' and ] l Ur a * er considering as the prepreg sheet 
from wh.ch the sheet wh.ch earned out coating was dried with the dryer etc.. and the solvent 
was removed, this sheet is cut on tapes, such as the s hape of the shaoe of a roJL and a Tl 



,.. r-r- — : — „ <w „ ^...v,^ . , i^oo Liidn u.u times or true aen 

hke a prepreg sheet ] I (desiccation article base) of a sheet-like fiber base material whose 
apparent densrty of th.s preforming article is. since the sheet which the push cost of mold goods 

Z, 1 7 6 ' and r W ° Und UP annU ' ar ' y iS COnfuS6d ' burst ™nfcrcement falls-f ln^^m^ 
apparent density or a preforming a rt.de ,nto O.b or more fmes of the true de 'nsity of a 
sheet-hke fiber base material, in case a coating sheet or a prepreg sheet is twisted annularly. 
there are approaches, such as twisting using and pulling 3 bolting roll, a planar pressure roll, etc 

so d d into , 6 IT: ThUS ;* m ° ,dS bV h6ating Under preSSUre b * th. obtained annular 

•olid I mto metal mold etc.. subsequently m old goods are heat-treated under pre determined 

heating conditions, and resin is stiffened, f 

[001 4] 35 / 65 - 65/35 have [ the coating weight of the admixture at the time of using a 
fiberglass mat for a fiber base material ] desirable fiberglass mat/admixture (solid content of a 

mechanical strength w.ll fall and wear will increase. On the other hand, if there is little coating 
weight, coefficent of friction will become high and will become unstable. Although there is no 

ZrL T f PPr0a SPreading t0 WhiGh admixtUre is made to adhe ^ or linking in. the 
approach , of carrying out .mmersion sinking in of the fiber base material into admixture or 

rrmS. . ? at ! r baS Uni J f ° rm COating Weight ' and is desirab,e - There is also no method of 
removing a solvent and ,t » made, especially as for a limit, for adhering resin not to harden it. 

[Example] Next, the example of this invention is explained 

[0016] as an example 1 friction regulator - the powder (the product made from Cashew -) of 
a melamme res.n hardened material the melamine dust H-90448 weight section and an antimony 
tr.ox.de (the product made from the Wako Pure Chem industry -) Six weight sections for 
chemistry, the electrolytic copper powder (Nippon Mining make. N0.5-2-D. 44 micrometers or 
less; 2 weight section, the barium-sulfate (product made from Sakai chemistry, BC) 3 weight 
section, and a calcium silicate staple fiber (the product made from U.S. NYCO — ) A total of 25 
weight sections of the trade name wollastonite 3 weight section, the cashew denaturation 

(TokTiV h ^ , UC V C made ^"l ° aSheW 1 WD - 1350 > 1 weight section, and the carbon black 
(Toka Carbon make C strike 1 16) 2 weight section were prepared. Furthermore, a total of 3.6 

sertL aTZ S Tr P °r der (Pr ° dUCt made fr ° m H ° Soi Chemistr * fines sul ^> 3 weight 

section and the zmc-ox.de (product made from Wako Pure Chem industry, for chemistry) 0 6 
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bv tl V rhLTJH PreP3red "J rUbb6r VU,canizi ^ a ^nt. with said friction regulator, it mixed 
by the V shaped rotary mixer, and mixed powder was created 

TD-JLor^nn^ 6 / * m °' d Phen °' resin < Daini PP°n Ink & Chemicals make. 

TD 2040C. 100% of solid content) 15 weight section, and the acrylic nitril swine JIEGOMU (NBR 

N.ppon Zeon make. Nippo.1041) 6.4 weight section, the MEK(methyl ethyl ketone) 61 weight 

IrZZZ* 3 t 6 T d .? SO,Uti ° n W3S Carri6d ° Ut and pheno1 resin / NB R solution was 

Sir s mixed powder was carried ° ut at this so,uti ° n ' - d admi ^- 

Wa 0 k 1 O 8 pIr e e Ph % ° f T ight , Water S ° ,Uti0n ° f P ° lyVinyl a,COh0 ' (the product made fr ™ the 
Wako Pure Chem .ndustry: polymenzation degree 400. Following PVA and a name) was sunk into 

SoltheT 0 " 3 ? 3 ^ {th6 Pr ° dUCt made fr ° m the Fu * fiberglass a^ FHM 

450 5 (the thing and eyes which were obtained from the chopped strand with 100 filament 

numbers and a strand die length of 50.8mm areg [ 450 ]/m2)} with a width-of-face [ of 30cm ] x 

die length of 60m. and PVA was made to adhere to them. It was immersed into said slurry a"d 

this s,nkmg-,n Processing fiberglass mat was used as the sinking-in sheet, and this was dried at 

the temperature of 60 degrees C with the continuation dryer, and it considered as the sheet for 

shaping of the prepreg sheet of true-density 2.27 g/cm3. Next, this sheet for shaping was cut in 

the shape of [ of 1 0mm width efface ] a tape, that die length of about 30m was twisL around 

theiron cylinder w,th a bore of 150mm. and the preforming artic.e of the shape of a circu.ar ring 

with an outer d.ameter [ of 225mm ] and a thickness of 10mm was obtained The consistencies 

o his thing were 1.14 g/cm3 (0.5 times of the true density of a preore. s*^ ££~^ 

metal mold was tiHed up with th.s prefor ming art,c l e the whole cylinder, it fabrica ted at 1 60 

degrees C for 15 m.nutes with the pressure of 100 kgf/cm2. and the Plastic solid with a 

and cTrrv'inl oulT IT aCq 7* d ; After both of this Plastic solid with the sandur 

and carrying out to 3.5mm m th.ckness. at 180 degrees C. it performed at 210 degrees C for 2 

obtlllh f ° deSree f ° Perf ° rmed P ostcure in order of 2 hours, and the consistency 
obtained the friction material of 1.55 g/cm3. | " y 



S/nmlfnht *71 appr ° a ° h 35 3 * and 4 and five exam P |es th ° consistency 

ttlTLci S Perming article of 1.36. 1.48. 1.65. and 2.00 (0.6 times. 0.65 times. 0.73 

oZl'^ V ^ d6nSity ° f 3 Prepr6g Sheet) ' ^terweaving by heating under 

pressure, polish, and postcure were hereafter performed by the same approach as an example 1 

^OlVh 0 " 5 ' (g/ r, 3) °^ tained the fricti ° n material of 155 ' 160 I**, and 2.05 

timi c 1^?°™ if /Cm3) ° btained 0 68 and the P^o^ing article of 0.79 and 1.02 (0.30 

as the tamZ'l a ; H °> f t,m6S ° f ^ ^ denSitV ° f 3 PrePreg SHeet) bV thC Same ™ h 
obtlin/d It 71 ♦ \ a , COmPanS ° n ' and three examp,es 1 ' and the consistency (g/cm3) 

herelfter ^ 156 by th ° Same approach as an exam P ,e * 

[0021] Except haying set to 8mm width efface of the tape-like sheet twisted around the 
cylinder m example of comparison 4 example 1. completely like the example 1. the preforming 
article of consistency 0.68 g/cm3 (0.30 times of the true density of a prepreg sheet) was 

as b retr P tTbrw sistency obtained the friction materiai ° f 12 ^ by *• — 

[0022] Some circular rings of the friction material obtained in the example and the example of a 

a c ttTc p h a r d son r cu \ do r • a : d * considers as a test piece - ™* is jis *«* P z:. r t 

attached and operated to the abrasion tester whenever [ fixed-speed / which is set to D441 1 ] 
and the wear rate ,n 300 degrees C was measured by holding-down pressure force 5 kgf/cm2 
Moreover, circular ring-like friction materia, was attached in the rotation disruptive strength 
testing machme. ,t rotated by 2500rpm during 5 minutes at 200 degrees C of ambient 

ot m a P i e o n at th re ' SUbsaqUe ; t,y nUmb6r ° f r ° tati0nS WaS raised at the rate <* PT second 100 
rotat.cn the number of rotations at the time of destruction was measured, and it considered as 
burst reinforcement. These test results are shown in Table 1. In Table 1. a wear rate , the 
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value (cm3/kgf-m) which hung 10-6 on the numeric value of front Naka 
[0023] 

[Table 1] 

m i 





mm 




mm 


$£f3^ 


wm. 


i 

2 
3 
4 
5 


2. 0 
2. 0 
1. 5 
1. 3 
1. 0 


13800 
14000 
144 00 
14200 
14000 I 


i 

2 
3 
4 


8. 8 
7. 0 
6. 0 
6. 0 


9800 
10000 
118 00 

8 7 00 



[0024] It is shown that the friction material of an example has large burst reinforcement 
fr3Table W 1 ° f 6XamPle ° f 9 COmparison ' and a wear rate is small so that clearly 

[0025] 

[Effect of the Invention] According to this invention, especially, the burst reinforcement in an 
elevated temperature is high, and the low friction material of a wear rate can be offered. 



[Translation done.] 
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